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ABSTRACT 


Preliminary  analysis  of  the  data  collected  by  the  array  suspended  below  R/P  FLIP 
(FLoating  Instrument  Platform)  during  the  Noise  Over  Basalts  and  Sediments  (NOBS) 
experiment  are  presented  in  this  report.  The  deployment  location  was  at  43°  42'  N,  125° 
59'  W,  over  the  east  flank  of  the  Juan  de  Fuca  ridge,  in  3-km-deep  water.  This  report 
gives  a  description  of  the  FLIP  array,  a  summary  of  the  tape  log  kept  aboard  FLIP,  a 
summary  of  the  quality  of  the  data  collected,  and  the  results  of  sane  initial  data  analysis. 

The  initial  examination  of  the  data  shows  that  a  total  of  36  vertical  line  array 
(VLA)  hydrophones  and  all  four  channels  of  four  ocean  bottom  seismometers  (OBS)  pro¬ 
vided  useable  data.  The  quality  of  the  recoded  data  is  variable,  but  remains  rather  high 
for  extended  periods  of  time,  especially  for  the  10  hours  of  data  on  tape  7.  Analysis  of 
tape  7’s  data  indicates  that  the  calibrated  ambient  noise  spectra  estimated  from  the  VLA 
hydrophone  data  agree  well  with  predicted  noise  levels  in  moderate  to  heavy  shipping 
regions.  At  times,  these  spectra  contain  a  peak  centered  at  18  Hz,  which  is  probably  indi¬ 
cative  of  the  presence  of  whales.  In  addition,  ship-generated  signals  are  clearly  visible  in 
the  spectra  at  those  times  when  surface  ship  sightings  were  noted  in  the  experiment  log. 

Finally,  large  amplitude  signals  of  unknown  origin  were  observed  in  the  root  mean 
squared  (RMS)  time  series  plots  for  all  functioning  data  channels.  Plots  of  the  time  series 
of  the  original  data  indicate  that  the  large  amplitude  signals,  of  20-sec  to  one-min  dura¬ 
tion,  are  proceeded  by  a  smaller  arrival  on  the  OBS  geophones,  but  this  "precursor"  is  not 
present  in  the  OBS  hydrophone  data  nor  on  the  VLA  hydrophones.  From  spectral  ratio 
plots,  the  energy  of  the  large  arrivals  occur  in  a  frequency  band  from  8  to  30  Hz,  with  a 
peak  around  10  Hz.  The  coherence  function  estimates  between  the  OBS  hydrophones 
and  between  the  VLA  hydrophones  for  the  large  arrivals  are  consistent  with  a  horizon¬ 
tally  propagating  acoustic  wave.  Therefore,  one  possibility  is  that  these  arrivals  are 
water-bonre  phases  from  regional  earthquakes  since  the  experiment  was  conducted  in  a 
seismically  active  area. 
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L  INTRODUCTION 

During  the  months  of  September  and  October,  1991,  the  NOBS  (Noise  on  Basalts  and  Sediments) 
experiment,  a  collaborative  project  between  the  Scripps  Institution  of  Oceanography,  the  University  of 
Washington,  and  Boise  State  University,  was  conducted  on  the  east  flank  of  the  Juan  de  Fuca  ridge  and  the 
adjoining  Cascadia  basin.  One  objective  of  the  NOBS  project  is  to  compare  simultaneous  measurements  of 
the  ocean  surface  wave  spectra  and  the  directionality  and  spatial  coherence  of  very  low  frequency  noise 
(less  than  5  Hz)  at  the  ocean  floor  in  order  to  understand  the  mechanisms  by  which  non-linear  ocean  sur¬ 
face  wave-wave  interactions  are  coupled  into  different  types  of  ocean  bottoms.  The  project  site  was  chosen 
due  to  the  proximity  (within  tens  of  kilometers)  of  two  very  different  ocean  bottom  geologic  settings;  a  re¬ 
latively  smooth  basaltic  seafloor  and  a  seafloor  covered  by  sediment  thicknesses  of  up  to  500  meters. 

A  second  objective  is  to  understand  the  sources,  modes  of  propagation  and  distribution  of  low  fre¬ 
quency  05  -  125  Hz)  noise  near  the  ocean  bottom,  as  well  as  to  evaluate  a  possible  depth  dependence  of 
ambient  noise.  As  part  of  the  NOBS  experiment,  the  Floating  Laboratory  Instrument  Platform  (FLIP)  was 
stationed  at  43°  00'  N,  125°  00'  W,  approximately  165  km  southwest  of  Newport,  Oregon.  A  multi-sensor 
array,  which  is  described  below,  was  suspended  from  FLIP.  The  purpose  of  this  report  is  to  present  the 
results  of  an  intial  analysis  of  the  data  collected  by  this  array. 

D.  DESCRIPTION  OF  ARRAY  DEPLOYED  FROM  FLIP 

A  645-m  vertical  array  of  44  hydrophones,  each  separated  by  15  m,  was  suspended  from  FLIP,  with 
the  lowermost  element  located  about  15  m  above  the  ocean  bottom.  Except  for  the  bottom  four  hydro¬ 
phones,  vibration  isolators  were  used  to  mechanically  decouple  the  hydrophones  from  the  array  strength 
cable  in  order  to  reduce  the  effects  of  strum.  Connected  to  the  lower  end  of  the  vertical  hydrophone  array 
was  an  array  of  16  ocean  bottom  seismometers  (OBS’s).  The  OBS’s  were  placed  on  the  ocean  bottom  in  an 
approximate  circle  below  FLIP  (re  Figure  DL1).  The  inter-OBS  separation  was  75  m.  except  for  two  of  the 
elements  which  were  separated  by  15  m.  Each  of  the  eight  OBS  processors  formatted  the  data  from  two 
adjacent  OBS’s  (indicated  by  alternating  black  and  white  pairs  in  Figure  II.  1).  Each  OBS  contains  three 
mutually  orthogonal  geophones  enclosed  in  a  glass  sphere  and  a  hydrophone  mounted  outside  the  sphere. 
Therefore,  a  total  of  108  channels  (16  OBS’s  x  4  channels/OBS  +  44  hydrophones)  were  sampled  at  250 
Hz  and  telemetered  up  to  the  digital  recording  system  on  FLIP. 

m.  SUMMARY  OF  THE  FLIP  TAPE  LOG 

Figure  III.l  is  a  summary  of  the  tape  log  kept  aboard  FLIP.  All  times  are  reported  in  Greenwich 
Mean  Time.  To  obtain  local  time,  subtract  seven  hours. 

IV.  SUMMARY  OF  DATA  COLLECTION 

Approximately  35  hours  of  data,  recorded  on  six  Exabyte  (model  8500)  tapes  numbered  3  through  8. 
were  collected  on  Julian  Days  280  and  281  (7th  and  8th  of  October,  1991).  Table  1  lists  the  time  periods 
spanned  by  each  exabyte  tape. 


TAPE 

No. 

JULIAN 

DAY 

TIME 

(GMT) 

TABLE  1 
TOTAL 
TIME 

No. 

RECORDS 

ARRAY 

STATUS 

SHIP 

No.* 

3 

280 

07:36-16:16 

8  hrs,  40  min 

109,875 

Deploying 

1,2 

4 

280 

16:27-21:24 

4  hrs,  57  min 

62,502 

Adjusting/cal 

3 

5 

280-1 

21:24-00:15 

2  hrs,  41  min 

36,143 

Adjusting/cal 

- 

6 

281 

00:23-02:00 

1  hr,  37  min 

18462 

No  Adjust 

4 

7 

281 

02:00-11:56 

9  hrs,  56  min 

126,000 

No  Adjust 

4 

8 

281 

11:56-16:40 

4  hrs,  44  min 

55,263 

Recovering/cal 

5 

*  There  were  a  total  of  5  passing  ships  recorded  in  the  log  (Figure  III.l).  The  time  duration  of  the  presence 
of  the  ships  is  indicated  in  Figures  V.l  through  V.4. 
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A.  Status  of  Array  During  Data  Collection 

Although  there  were  108  channels  of  data  being  recorded,  for  most  of  the  time  only  the  two  OBS 
processors  nearest  FLIP  (procs  23  and  3e  collecting  the  data  of  four  OBS’s  enclosed  by  a  dotted  circle  in 
Figure  II. 1)  and  the  five  vertical  hydrophone  processors  farthest  from  FLIP  (procs  3c,  3a,  26,  31,  and  27) 
were  actually  transmitting  useable  data,  thereby  providing  52  good  data  channels  (2  OBS  processors  x  2 
OBS’s/processor  x  4  channels/OBS  +  5  vertical  hydrophone  processors  x  8  channels/processor  •  4  channels 
since  the  bottom  vertical  hydrophone  array  processor  contained  only  4  hydrophones). 

During  the  last  15  hrs  or  so  of  the  collecting  period  (tapes  7  and  8),  the  entire  array  was  in  place  and 
anywhere  from  0  to  8  processors  were  transmitting  usable  data.  Tape  7  (JD  281, 02:00-1 1:56)  contains  data 
recorded  during  a  time  when  the  anay  was  transmitting  the  highest  quality  data,  i.e„  all  52  channels  were 
recorded  with  relatively  few  processor  I.D.  errors  (re  Section  V). 

B.  Organization  of  Data  on  Tapes 

The  data  is  written  onto  tape  in  16,252-byte  records.  Each  record  contains  71  samples  from  each 
channel.  Since  each  channel  is  sampled  every  4  msec,  then  each  record  represents  0.284  seconds  (71  sam¬ 
ples/250  samples/sec).  Within  each  4  msec  sampling  period,  the  eight  elements  associated  with  each  pro¬ 
cessor  are  sampled  sequentially,  resulting  in  a  0.5  msec  delay  between  the  samples  from  successive  chan¬ 
nels  of  any  given  processor. 

V.  DATA  QUALITY 

This  section  contains  a  summary  of  the  quality  of  data  on  each  Exabyte  tape.  Data  quality  is  judged 
by  the  frequency  of  processor  l.D.  errors  found  while  scanning  the  record  headers  of  each  tape  and  noting 
changes  and/or  errors  in  processor  I.D.  numbers.  Additionally,  the  record  headers  were  scanned  to  deter¬ 
mine  when  changes  were  made  in  the  array  variable  gain  (upon  command  from  FLIP,  re  Table  2  located 
after  Figure  III.l)  and  to  evaluate  the  performance  of  the  GOES  clock  by  searching  for  times  when  the 
clock  was  not  incrementing  properly  (Table  3,  located  after  Table  2).  Some  of  the  clock  malfunctions 
correspond  to  times  when  the  electrical  power  to  the  array  was  turned  off.  Figures  V.l  through  V.VO  del¬ 
ineate  times  of  differing  data  quality  on  the  tapes  based  on  the  number  of  processors  transmitting 
usable/extractable  data  during  those  times.  Figures  V.l  through  V.4  are  maps  of  the  processor  I.D. 
eirors/data  quality  and  are  scaled  horizontally  to  show  the  relative  durations  of  each  of  the  tapes.  Note  that 
Figure  V.2  contains  information  for  tapes  4,  5,  and  6.  Figures  V.5  through  V.10  are  the  same  mappings  en¬ 
larged  to  show  the  regions  in  greater  detail.  Note,  however,  that  they  do  not  show  the  relative  lengths  of 
the  tapes.  Tape  7  contains  the  highest  quality  data. 

VI.  RESULTS  OF  INITIAL  DATA  PROCESSING 

The  initial  data  processing  focused  on  tape  7  since  it  had  the  fewest  processor  I.D.  errors  and  there¬ 
fore  contained  the  most  easily  extracted  data. 

A.  RMS  Time  Series  Plots 

A  summary  of  the  data  on  tape  7  was  compiled  by  creating  an  uncalibrated,  normalized,  root-mean- 
squared  (RMS)  plot  for  each  half-hour  period.  No  plots  were  made  between  02:30-04:10  and  08:10-08:40 
due  to  a  problem  with  the  routine  used  to  convert  the  raw  data  into  files  for  processing.  The  following  pro¬ 
cedure  was  used  to  create  each  half-hour  plot: 

1.  A  five  minute  block  of  raw  data  was  read  from  tape  and  converted  to  simple-input-output  (SIO)  format 
on  disk,  the  first  64  channels  were  saved,  and  the  RMS  amplitude  was  calculated  using  an  averaging 
period  of  1  second  (250  samples).  This  procedure  was  repeated  for  six  consecutive  5-min  blocks  of 
data. 

2.  The  six  time-averaged  files  were  then  concatenated  to  form  one  30-minute  file. 

3.  Each  channel  of  the  30-minute  file  was  normalized  by  its  largest  value  and  then  plotted,  64  channels  per 
page. 

The  correspondence  between  the  channel  numbers  and  the  positions  of  the  hydrophones  of  the  verti¬ 
cal  array  can  be  found  from  Figure  II. 1.  Although  this  correspondence  was  assumed  throughout  the  pro¬ 
cessing  of  the  data  and  is  believed  to  be  correct,  the  possibility  that  the  channels  within  each  of  the  proces- 
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sors  of  the  vertical  array  are  reversed  has  not  been  completely  eliminated.  The  OBS  channel-component 
correspondence  can  be  found  in  Table  4. 


TABLE 4 

Channel  and  Proc  No.  Component  Channel  and  Proc  No. 

1  (proc  3e) 

vertical 

9  (proc  23) 

2  (proc  3e) 

longitudinal 

10  (proc  23) 

3  (proc  3e) 

transverse 

11  (proc  23) 

4  (proc  3e) 

hydrophone 

12  (proc  23) 

5  (proc  3e) 

vertical 

13  (proc  23) 

6  (proc  3e) 

longitudinal 

14  (proc  23) 

7  (proc  3e) 

transverse 

15  (proc  23) 

8 (proc  3e) 

hydrophone 

16  (proc  23) 

Figures  VI. A.  1  through  VI. A. IS  contain  the  30-minute  RMS  plots  for  the  first  64  channels.  In  several 
instances,  jumps  in  the  RMS  levels  can  be  attributed  to  changes  in  the  array  variable  gain.  For  example,  at 
the  beginning  of  tape  7,  between  records  1  and  1058  (Figure  VI.A.1),  the  step  increase  in  the  RMS  levels 
can  be  correlated  with  a  change  in  the  variable  gain  at  this  time  (see  Table  2  •  Table  of  Gains,  tape  7, 
"02:01).  Similarly,  the  large  swings  in  the  RMS  levels  between  records  46440  and  47497  (Figure  VI.A.5) 
and  between  records  109860  and  110917  (Figure  VI.A.1 4)  appear  to  be  caused  by  changes  in  the  array 
variable  gain  (see  Table  2,  tape  7,  *05:42  and  "10:41,  respectively).  Interesting  signals  of  unknown  origin 
between  records  70,000  and  1 10,000  are  investigated  further  in  Section  C. 

B.  Auto-Spectral  Hots 

In  Figures  VI.B.l  through  VI.B.  12,  auto-spectral  estimates  from  the  bottom  36  hydrophones  of  the 
vertical  array  are  plotted  at  times  chosen  to  give  representative  frequency  spectra,  both  in  the  presence  and 
absence  of  ships  as  recorded  in  the  log.  The  channel  number  for  each  autospectral  plot  is  given  in  the  lower 
left-hand  comer  of  the  plot.  A  first  glance  at  the  auto-spectral  plots  reveals  that  the  spectral  levels  of  chan¬ 
nels  54  (Figure  VI.B.l)  and  23  (Figure  VI.B.3)  are  consistently  about  5  dB  and  10  dB,  respectively,  below 
those  of  the  other  vertical  array  hydrophone  channels.  Also,  channels  36,  41,  44,  45,  46,  48,  49,  50,  51, 
and  52  contain  a  signal  centered  at  6  to  7  Hz  that  may  be  strum  related.  In  addition,  all  channels  contain  a 
peak  at  120  Hz  that  typically  extends  around  10  dB  above  the  background  noise  at  neighboring  frequencies 
and  is  attributed  to  electrical  contamination  from  FLIP.  Figures  VI.B.1  -  VI.B.3  are  plots  of  the  auto- 
spectra  during  a  time  when  no  passing  ships  were  reported  in  the  log.  They  agree  reasonably  well  with  es¬ 
timates  of  predicted  ambient  noise  spectra  for  the  northeast  Pacific  in  areas  of  moderate  to  heavy  shipping 
(1].  The  auto-spectral  levels  of  Figures  VI.B.4  -  VI.B.6  are  from  a  time  when  a  passing  ship  was  reported 
in  the  log  (Ship  4,  Figure  V.3).  They  contain  an  8  Hz  fundamental  frequency  and  associated  harmonics. 
Figures  VI.B.7  -  VI.B.9  are  also  auto-spectral  plots  from  a  time  when  no  ships  were  reported  in  the  log. 
However,  note  the  strong  peaks  near  18  Hz.  This  I8-Hz  energy  is  perhaps  indicative  erf  the  presence  of 
whales  [2].  Figures  VI.B.10  •  VI.B.l 2  are  auto-spectral  levels  from  tape  3  and  offer  another  example  of 
ship-generated  tonals  erf  a  5  Hz  fundamental  frequency  (Ship  1,  Figure  V.l). 

C.  Large  Amplitude  Signals 

Some  large  amplitude  signals  of  unknown  origin  are  revealed  in  the  30-minute  RMS  time  series 
plots,  as  mentioned  previously.  Figures  VI.C.l  -  VI.C.12  are  plots  of  normalized,  desampled  time  series 
that  show  these  sisals  in  greater  detail.  Figures  VI.C.1  •  VI.C.4  cover  a  time  period  of  2  min,  22  sec;  the 
remaining  time  series  span  a  period  of  slightly  over  4  min,  15  sec.  The  desampling  factor  is  five.  i.e.,  only 
every  fifth  data  point  is  plotted.  Most  of  the  signals  actually  appear  to  be  doublets  on  the  two  horizontal 
geophone  components  as  well  as  on  the  OBS  hydrophones.  However,  the  first  "arrival”,  or  the  singlet 
which  appears  first  in  time,  does  not  appear  on  the  OBS  hydrophones,  nor  on  the  vertical  line  array  hydro¬ 
phones.  This  is  especially  evident  in  Figure  VI.C.l  1  which  is  a  plot  of  the  desampled  time  series  for  each 
channel  of  the  four  OBS’s.  (The  OBS  channel-component  correspondence  can  be  found  in  Table  4). 

The  onset  times  and  durations  of  the  second  "arrivals"  occurring  between  records  27,414  and 
122,543  are  listed  in  Table  5. 
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Approximate 
Start  Record 

TABLE 5 
Approximate 
Start  Time 

Duration 

(seconds) 

71125 

07:36, 9  Oct 

22 

73100 

07:46, 9  Oct 

20 

91200 

09:1 1.9  Oct 

21 

95800 

09:32, 9  Oct 

20 

109000 

10:34, 9  Oct 

56 

1.  Spectra]  Ratios 

Estimates  of  the  auto-spectra  made  during  the  occurrence  of  the  unknown  arrivals  were  divided  by 
estimates  made  before  the  arrivals  (i.e.,  dB  values  were  subtracted)  to  yield  spectral  ratios  for  each  hydro¬ 
phone  of  the  vertical  line  array.  Figures  VI.C1.1  -  VI.C1.9  are  plots  of  spectral  ratios  for  the  first  three  pairs 
of  arrivals  listed  in  Table  S.  These  plots  show  that  the  preponderance  of  the  signal  energy  is  located 
between  8  and  30  Hz,  with  maximum  energy  near  10  Hz. 

2.  Coherence 


A  measure  of  the  linear  relatedness  between  the  data  recorded  by  two  elements  in  the  frequency 
domain  is  given  by  the  complex  coherence  function.  The  magnitude  of  the  coherence  function  is  defined 
as  the  magnitude  of  the  cross-spectral  estimate  divided  by  the  geometric  mean  of  the  individual  channel 
auto-spectral  estimates  [3]: 


|lV)|* 


The  complex  coherence  phase  is  given  by  [3]: 


Qiy(f)marctan 


Q*yV) 

C. v<f\' 


ICjyCOl 

G^yGyyV)* 


where  GXy(f)mCxy(f)~iQxy(f) 


For  frequencies  corresponding  to  an  appreciable  coherence  amplitude,  the  slope  of  the  complex  coherence 
phase  plotted  against  frequency  is  proportional  to  the  time  delay  between  two  spatially  separated  elements: 


ex>(/)  =  2k/  to,  where  Tq  *  time  delay 

Therefore,  the  coherence  function  potentially  provides  a  means  of  determining  if  a  given  signal  is  acoustic 
or  some  form  of  noise  (i.e.,  electrical  noise  or  mechanical  array  strum),  since  an  acoustic  signal  cannot  pro¬ 
pagate  across  the  array  slower  than  the  speed  of  sound  in  water. 

Figures  VI.C2.1  -  V1.C2.7  are  plots  of  the  coherence  magnitude  (in  the  left-hand  plots),  as  well  as  the 
complex  coherence  phase  (in  the  right-hand  plots),  for  different  hydrophone  pairs.  The  dashed  lines  in  the 
figures  are  estimates  of  the  level  below  which  93  percent  of  the  coherence  magnitude  estimates  should  fall 
given  that  the  two  input  time  series  are  uncon-elated.  They  were  determined  by  plotting  |  y(J )  |  between 
two  random,  uncorrelated  Gaussian  distributions,  using  the  same  procedure  as  was  used  to  process  the  ac¬ 
tual  data  (see  Figure  VI.C.2.8)  and  noting  the  amplitude  level  below  which  93  percent  of  the  samples  fell. 
Values  of  the  coherence  function  magnitude  above  the  dashed  lines  are  considered  to  be  an  indication  of 
cross-channel  coherence  at  a  particular  frequency. 

Figures  VI.C2.1  -  V1.C2.3  arc  plots  of  the  coherence  between  the  OBS  hydrophones  (channels  4, 8, 
12,  and  16).  The  "arrivals"  begin  near  sample  24,300  in  the  record,  which  is  where  the  coherence  becomes 
significant  for  frequencies  between  about  5  and  40  Hz.  The  time  delay  calculated  from  the  slope  of  the 
complex  coherence  phase  versus  frequency  between  the  two  hydrophones  associated  with  OBS  processor 
3e  (Figure  VI.C2.1)  is  approximately  22  msec.  Assuming  a  signal  propagating  horizontally  at  a  speed  of 
1300  m/sec,  this  time  delay  implies  an  effective  OBS  unit  separation  of  around  33  m.  Since  the  effective 
OBS  separation  must  lie  between  0  and  75  m  for  an  acoustic  signal,  then  this  estimate  is  certainly  con¬ 
sistent  with  the  assumption.  However,  until  the  positions  of  the  OBS’s  are  determined  from  the  navigation 
data,  a  more  definitive  verification  of  the  nature  of  the  signals  cannot  be  made. 
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Figures  VI.C2.4  -  VI.C2.7  arc  plots  of  the  coherence  between  different  hydrophones  of  the  vertical 
line  array  at  the  same  times  as  in  Figures  VI.C2.1  •  V1.C2.3.  The  interpretation  of  the  plots  is  difficult  due 
to  the  high  coherence  of  ambient  noise  below  around  10  Hz  at  all  times.  Even  so,  as  can  be  seen  from  Fig¬ 
ure  VI.C2.4,  the  dip  in  the  amplitude  at  around  8  Hz  is  missing  only  during  the  time  of  the  arrival  (samples 
24,577  to  32,768  of  record  72,744).  The  phase  of  the  coherence  function  is  nearly  180  degrees  at  zero  fre¬ 
quency  in  Figure  VI.C2.4,  indicating  that  the  polarity  of  the  wiring  of  one  channel  is  reversed  with  respect 
to  the  other.  After  reversing  the  polarity  of  one  of  the  channels,  the  time  delay  is  nearly  zero,  in  agreement 
with  a  horizontally  propagating  signal. 

Therefore,  both  the  coherence  between  the  OBS  hydrophones  and  between  the  vertical  line  array  hy¬ 
drophones  are  consistent  with  a  horizontally  propagating  acoustic  wave. 
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APPENDIX  -  VERTICAL  LINE  ARRAY  HYDROPHONE  CALIBRATION  CURVE 

A  block  diagram  of  the  vertical  line  array  electronic  data  acquisition  electronics  is  presented  in  Fig¬ 
ure  A.1  (located  at  the  end  of  the  figures).  It  indicates  that  the  hydrophone  sensitivity  is  •  193  dB  re  1 
V/pPa,  that  the  total  fixed  gain  of  +  46  dB  is  due  to  the  hydrophone  preamp  and  the  differential-to-single 
line  driver,  that  the  variable  gain  can  be  adjusted  from  14  to  60  dB,  and  that  the  A/D  converter  tolerates  a 
maximum  ±10  V  input  before  clipping,  in  addition  to  providing  a  12-bit  output.  It  also  shows  a  rough  plot 
of  the  response  of  the  system’s  band  pass  filter.  A  more  detailed  plot  of  this  filter’s  response,  from  0  to  250 
Hz,  is  shown  in  the  upper  panel  of  Figure  A.2.  This  plot  was  obtained  from  measurements  made  in  the  la¬ 
boratory.  The  lower  panel  of  Figure  A.2  presents  the  total  calibration  curve,  including  variable  and  fixed 
gains,  that  is  used  to  properly  calibrate  the  vertical  line  array  auto-spectra  presented  in  Section  VI.B. 

The  array  is  divided  into  8-channel  sections.  Associated  with  each  section  is  a  processor  that  con¬ 
trols  the  sampling  and  formatting  of  the  data  from  the  8  channels  within  that  section.  Since  the  A/D  con¬ 
verter  in  each  of  the  processors  does  not  contain  a  sample-and-hold  circuit,  then  the  data  from  the  8  chan¬ 
nels  are  sampled  at  slightly  different  times.  These  time  delays  must  be  taken  into  account  in  coherent  pro¬ 
cessing  at  the  higher  frequencies.  The  lowermost  element  of  each  section  is  sampled  first,  followed  by  the 
next  deepest,  and  so  on,  until  the  shallowest  element  of  the  section  is  sampled.  The  sampling  frequency  of 
the  array  is  250  Hz,  i.e.,  consecutive  samples  from  a  given  element  are  separated  by  4  msec.  Therefore,  the 
time  delay  between  samples  from  two  adjacent  channels  within  a  given  section  is  0.5  ms  (-  4  msec/8  chan¬ 
nels).  For  example,  a  sample  from  the  uppermost  element  in  a  section  is  obtained  3.5  msec  (■  0.5  msec  x 
7)  after  the  sample  from  the  lowermost  element  in  the  section.  This  time  delay  represents  a  phase  shift  of 
12.6°  at  10  Hz  (-  3.5  msec  x  10  Hz  x  360°). 
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Figure  VLB. 8 


CG 

"D 

vO 

lO 


1 1 


<\J 


CT) 

_o 

G> 

C\J 

II 

c 

□ 

o 


a 

> 


>  HQ 

<\j 

:  100 

<§  90 

-  80 
S  70 

«e  60 


>  110 
:  100 

4j  90 
-  80 
?  70 

sg  60 


§  110 

;  100 

£  90 

-  80 
ff  70 
®  60 


>  110 
:  100 

<§  90 

-  80 
f  70 
«e  60 


^  110 
OJ 

:  100 

4j  90 
~  80 
f  70 
sg  60 


Frequency  (Hz) 
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Tope3  Calibrated  Auto-Spectra  :1024  pnt  FFTs, Startrec-80912,Startpoint-l Endpoint -16384 
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Tope7  Spectral  Ratios  :1024  pnt  FFTs,  Startrec=70900,Staripoint-16000,/*  Endpoint::32383 


•8 


co 

X) 


$ 


CO 

"D 


25 
20 
15 
10 
5 
0 
-5 

0  25  50  75  180  125 


25 
20 
15 
10 
5 
0 
-5 

0  25  50  75  100  125 


Frequency  (Hz't 


25 
20 
15 
10 
5 
0 
-5 

0  25  50  75  100  125 


Frequency  (Hz) 


Frequency  (Hz) 


Frequency  (Hz) 


aO 

■o 


CO 

T> 


Figure  VI. Cl. 2 


Frequency  (Hz' 


Tope7  Spectral  Ratios  :  1024  pnt  FFTs,  Startrec-70900,Stortpoint-16000,/*  Endpoint -32383 
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Frequency  (Hz)  Frequency  (Hz) 


0  25  50  75  100  125  0  25  50  75  100  125 


Frequency  (Hz)  Frequency  (Hz) 


0  25  50  75  100  125  0  25  50  75  100  125 


Frequency  (Hz) 


Figure  VI. Cl. 4 


Frequency  (Hz) 


Tope7  Spectral  Ratios  s  1024  pnt  FFTs,  Startrsc-72744,Startpoint=16000,,*  Endpoint-32353 
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Tope7  Spectral  Ratios  :1024  pnt  FFTs,  Startrec=91000,Startpoint=16000,^  Endpoint-32383 
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